Several autosomal recessive diseases are associated with apparent DNA repair defects in cell culture.
INTRODUCTION
A number of human cell lines have been demonstrated to have DNA repair defects in tissue culture. These lines have been derived from patients with autosomal recessive diseases frequently associated with photosensitivity, chromosomal aberrations and increased frequency of cancer. In a report on one such disease, ataxia telangiectasia (AT), Paterson and co-workers (1) noted that fibroblasts from patients demonstrated deficiency in repair of Y-radiation-damaged DNA. This study arose from observations of decreased colony formation in AT fibroblasts following y-radiation (2)-The conclusion of these studies was that AT fibroblasts are deficient in a step or steps in excision repair, based on endonuclease-susceptible sites remaining in the DNA of AT fibroblasts to a greater extent than normal fibroblasts following Yradiation. However, AT cells have normal capacity to repair single-stranded breaks (2,3). Remsen and Cerutti (4) have recently reported normal excision of Y-radiation products of thymine by extracts from AT c e l l s . AT fibroblasts also have been shown to be more sensitive to actinomycin D, mitomycin C and alkylation than normal cells (2, 5) . These observations led us to speculate that a possible defect in AT cells might be f a i l u r e of an incision step in the excision repair process. Since AT cells are sensitive to Y-radiation and alkylating agents, both capable of producing apurinic/apyrimidinic sites Information Retrieval Limited 1 Falconberg Court London W1V5FG Englandin DNA, it seemed that an apurinic endonuclease defect was possible. Such a defect was indicated in another study on xeroderma pigmentosum complementation group D (XP-D) cells (6) .
Endonucleases specific for apurinic sites have been purified from a variety of sources (7-15). For £. coli it appears that more than one such apurinic endonuclease is present. The major activity appears to be associated with exonuclease III activity (16-18). Because of this and because no mutants deficient in additional activities have been described it is uncertain what role apurinic nucleases play in cell survival, although some mutants deficient in the major activity show an increased sensitivity to alkylation and mitomycin C. Interpretation of the action of this class of enzymes is further complicated since it appears that they frequently may act in concert with Nglycosidase activities capable of removing altered or damaged bases and may co-purify with such enzymes (19-21). It seems reasonable to assume that these two categories of enzymes participate in a concerted action to remove damaged or mis-paired bases from DNA. This appears to be demonstrated best in the case of DNA containing uracil.
Recently there was a report that one complementation group of xeroderma pigmentosum (XP) fibroblasts has a markedly lowered apurinic endonuclease activity (6). Because of obvious possibilities relating to the pathogenesis of the disease state in repair-defective cell lines we have investigated the levels of apurinic endonuclease, using the assay method of Kuhnlein et al. In all cases the apparent defects in DNA repair have been postulated to be at least partially responsible for pathogenesis.
We report here an evaluation of apurinic endonuclease activity measured in cells cultured from patients with the above diseases. We find normal levels of apurinic endonuclease activity in all cases, including the D complementation group of XP. We have also monitored DNA polymerase levels in the extracts and find normal levels in all cases, in agreement with the observations of others (27) . 
MATERIALS AND METHODS

RESULTS
We found that all of the cell lines tested had normal levels of apurinic endonuclease activity against 0X174 RFI DNA in extracts ( Fig. 1 and 2 and Table I ). We determined relative rates by comparison to extracts from normal fibroblast or lymphoblast lines in all cases. Since the linearity of the nicking reaction as measured by the filter retention assay usually did not extend to greater than 70%, we routinely determined the activity from rate determinations. The values in Table I 
INCUBATION TIME (min)
We had 40-50 nM of apurinic sites per assay, well above the Km value for the nuclease (6). The lack of linearity of the reaction could be due to several factors, including the presence of nucleases in the extracts. Using neutral isokinetic gradients, we inspected the reaction products at various extents, including stages beyond peak retention of DNA (Fig. 3) . The analysis showed that the reaction proceeded to completion and overt digestion of the substrate to acid-solubility was present (loss of acid-insoluble Cells were grown, harvested and assayed by the f i l t e r retention assay as described in "Materials and Methods." Endonuclease units were determined by the method of Kuhnlein et a_[. (6) . The mean endonuclease activity for the five control lymphoblast lines was 160+60 u/rag. For the four control fibroblast lines the mean was 201+55 u/mg. All figures are the average of at least two determinations. Values indicated N/D were not done. The activity of endonuclease activity per yg of protein appears approximately the same for lymphoblasts and fibroblasts. Lymphoblast extracts were susceptible to decreased activity with decreasing viability, a problem we encountered twice (once with control cells and once with AT cells). In such cases we observed very low levels of DNA polymerase activity. We did not encounter any fibroblast extracts displaying a lack of endonuclease activity. No extract tested displayed detectable endonuclease activity against nondepurinated DNA by the filter retention assay. Our observations of normal levels of DNA polymerase activity in all the cell lines tested are in agreement with the reports of others (26) .
We confirmed our observations on the apurinic endonucleolytic activity in the two cell lines of greatest interest by using neutral isokinetic Fig. 4 and 5 ) . This was true for limited and extensive reactions. These results confirmed our results with the filter retention assay. In general we found a good correlation between these two methods of analysis at limited extents (<50%) of nicking. Thus there appeared to be no defect in apurinic endonuclease activity in either of these cell lines by two criteria. Other reports (2,3) indicate that AT cells have a normal ability to repair single strand breaks. We also observe normal levels of DNA polymerase activities in AT cells. Several possibilities remain for a repair defect in AT cells: it is possible that some step prior to incision is defective; there may exist multiple enzymes for the steps involved in repair (e.g., endonucleolytic and synthetic) and our analysis has failed to detect the abnormality of one such form; or there may be a defect in handling a type of lesion unlike the one we introduced. Of course there may exist multiple complementation groups in a disease such as AT, representing several defects in the y-ray repair process. Thus it is possible that in our selection of cell lines we did not obtain ones defective in the enzymes we assessed, but that such defects may exist within the clinical phenotype. However, six unrelated AT lines were tested.
DISCUSSION
Our results do not support those of Kuhnlein et^ aj_. (6) with regard to the XP-D cell lines. Since both studies were done with fibroblasts it seems likely that loss of viability, easily monitored in fibroblasts, is not a likely basis for the difference. It still is possible that a variation in growth conditions or harvesting might account for the different result. One possibility that also bears consideration is that there may be multiple apurinic endonucleases, as reported -for placenta (12) , and that our conditions of assay do not illustrate the deficiency of one species.
In general we have found fibroblasts to be a more reliable source for nuclease assay than lymphoblasts. This appeared to be due to decreased viability in lymphocytes grown to high density. We presume this represents decay of enzyme. Alternatively lymphoblast extracts may contain competing activities that mask the endonuclease activity, such as an exonuclease activity that degrades nicked circles. The extracts from either fibroblasts or lymphoblasts are remarkable for not nicking non-depurinated DNA.
